Advances in genomics continue to fuel the development of therapeutics that can target pathogenesis at the cellular and molecular level. Typically functional inside the cell, nucleic acid-based therapeutics require an efficient intracellular delivery system. One widely adopted approach is to complex DNA with a gene carrier to form nanocomplexes via electrostatic self-assembly, facilitating cellular uptake of DNA while protecting it against degradation. The challenge lies in the rational design of efficient gene carriers, since premature dissociation or overly stable binding would be detrimental to the cellular uptake and therapeutic efficacy. Nanocomplexes synthesized by bulk mixing showed a diverse range of intracellular unpacking and trafficking behavior, which was attributed to the heterogeneity in size and stability of nanocomplexes. Such heterogeneity hinders the accurate assessment of the self-assembly kinetics and adds to the difficulty in correlating their physical properties to transfection efficiencies or bioactivities. We present a novel convergence of nanophotonics (i.e. QD-FRET) and microfluidics to characterize the real-time kinetics of the nanocomplex self-assembly under laminar flow. QD-FRET provides a highly sensitive indication of the onset of molecular interactions and quantitative measure throughout the synthesis process, whereas microfluidics offers a well-controlled microenvironment to spatially analyze the process with high temporal resolution (~milliseconds). For the model system of polymeric nanocomplexes, two distinct stages in the selfassembly process were captured by this analytic platform. The kinetic aspect of the self-assembly process obtained at the microscale would be particularly valuable for microreactor-based reactions which are relevant to many micro-and nano-scale applications. Further, nanocomplexes may be customized through proper design of microfludic devices, and the resulting QD-FRET polymeric DNA nanocomplexes could be readily applied for establishing structure-function relationships.
Video Link
The video component of this article can be found at http://www.jove.com/video/1432/ Protocol A. Biotinylation of DNA Plasmid DNA were covalently biotinylated with guanine-specific biotin labels as described by the manufacturer (Mirus Bio, Madison, WI) but scaled to have ~1-2 biotin labels per DNA. Plasmid DNA (pEGFP-C1, 4.9 kb, Clontech, Mountain View, CA) was labeled in this protocol.
1. Dissolve desired amount of pDNA into TE buffer of DNase-free and RNase-free (molecular biology-grade quality) water to make a 1μg/μL DNA solution. 2. Conduct the labeling reaction using the following reaction mixtures. Add the LabelIT reagent last. To facilitate complete conjugation of Cy5 dye, calculate the required amount of Cy5-NHS such that the molar ratio of Cy5 : primary amines is 1 : 200. 2. Adjust pH of the chitosan solution (in 25mM acetate buffer) to ~6.5 by addition of NaOH. Note that the NHS reaction is more efficient at basic pH, but the solubility of chitosan here limits the working pH range. 3. While stirring, slowly add the calculated amount of Cy5-NHS (1 mg/ml DMSO) to the chitosan solution in a drop-by-drop manner. 4. Agitate the mixture in the dark at room temperature overnight. 5. To purify, dialyze with 10k MWCO Slide-a-Lyzer (Pierce) for 2 hr against 1% acetate buffer at room temp in the dark. 6. Replace buffer and dialyze another 2 hr at room temp in the dark. 7. Replace buffer and dialyze overnight at 4 °C in the dark. 8. Store purified labeled polymer at -20 °C.
Note:
In this study, a standard curve is constructed by measuring the emission intensity of Cy5-NHS ester at 670 nm. Characterize the labeling density by measuring the obtained emission at 670 nm from Cy5-labeled chitosan in the standard curve. Absorbance may also be used to determine the labeling efficiency but was not performed here.
C. Preparation of QD-labeled DNA and Cy5-Polymer
The molar ratio of pDNA to QD was kept in excess (pDNA : QD ≈ 1 : 2) to ensure complete conjugation of QDs to pDNA. The number of QDs labeled onto each pDNA can be estimated through TEM imaging or other equivalent facilities. In our study, the number of QDs per pDNA is estimated to be ~1-3 by TEM and single molecule spectroscopy. 1 Use Millipore Milli-Q gradient water (>18.0 MW, 0.2um filtered) during the preparation.
1. Calculate the required amount of chitosan for 10μg pDNA according to desired N/P ratio, the theoretical ratio of protonated amines in the chitosan solution to the negative phosphates in the DNA solution. Note: Keep the reaction in dark to prevent possible photobleaching. Important: Be cautious to use the Qdot 605 ITK™ streptavidin conjugate (the ITK series), as Quantum dots in this catalog are designed for the purpose of FRET. The regular Qdot series are conjugated with a PEG layer to prevent non-specific binding, especially for cellular labeling. However, this additional coating enlarges the donor-acceptor distance, resulting in reduced energy transfer efficiency.
D. Fabrication of the SU-8 Masters Using Standard Photolithography

